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ABSTRACT

The details are given of a computer program which will compute
the dimensions required for a heat transfer analysis of a cryogenic stor-
age container on the moon. The container is divided into isothermal
regions and the conducting path length and cross-sectional area are
calculated for each. The container may vary in size and have three
basic shapes: spherical, cylindrical with hemispherical ends and
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TECHNICAL MEMORANDUM X-53270

COMPUTER PROGRAM-CRYOGENIC STORAGE
ON THE MOON (SUBROUTINES A AND C)

SUMMARY

The details are given of a computer program which will compute
the dimensions required for a hea’t transfer analysis of a cryogenic stor-
.age container on the moon. The container is divided into isothermal
regions and the conducting path length and cross-sectional area are
calculated for each. The container may vary in size and have three
basic shapes: spherical, cylindrical with hemispherical ends and

cylindrical with flat ends.
INTRODUCTION

The method of nodes in heat transfer calculations has become a
familiar and useful tool for performing analysis where a nonuniform
temperature exists. The method requires partitioning of the material
into smaller regions or elements which, hopefully, will have, within
the boundaries of each, a uniform temperature at any instant of time.
Such uniformity, of course, will be more nearly achieved as the size
of each region or element diminishes. The conducting path lengths and
cross-sectional areas must be computed for each element. This com-

puter program performs these calculations.



IDENTIFYING NOTATION AND PROGRAM DATA

The surface of a storage vessel is imagined to be covered with
a thermal insulation which is partioned into isothermal regions, The
computer program can handle three vessel shapes: spherical, cylindri-
cal with hemispherical ends, and cylindrical with flat ends. For each
shape isothermal elements are constructed in three ways (Figs. 1-3).
The number of elements for each case and identifying notation are given
in Table I. If the insulation is divided into more than one layer the
number of elements increase proportionately, i.e., two layers will

double the number, three layers will triple the number, etc.

The coordinate system and numbering convention are shown in

Figs, 1-3. When referring to a given element, i.e., E the adjacent
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Table 1

Identifying Notation and Elements for One Layer of Insulation

Cylinder with

Shape Sphere Cylinder with
Hemispherical Ends Flat Ends
Code 0 -1 +1
N |Number of elemerts | Number of elementg; N |Number of elements
8 8 12 8 12
32 32 40 16 24
72 72 84 24 36




elements are referred to in relation to E,; as left of, right of, front of,
etc. For example, the conduction length in the direction to the right of
E,|, is indicated by lr, . Figure 4 illustrates this. The convention
is:

right (r) - counterclockwise when viewing the

container along the x-axis in the -x direction.

front (f) - always toward the y-z plane in the direction that

is the shorter distance, i.e., for E front is toward EZI’

11
but for E16 front is toward E26
top (t) - in the direction from the inside toward the outside

of the container,

left, back, and under are in the directions counter to right,

front and top, respectively.

The insulation is assumed to be divided into slices, sections, and layers,
The symbol indices refer to this division. For example, E,,, refers to
the element (or region) located in the third slice, second section, and

second layer,

The computer program input and output data ae shown in Tables

II and III, respectively,

The quantities in Table III are computed for each isothermal
element, The required formulae are shown in Table IV. Because of
the symmetrical arrangement of the elements, many quantities, once
computed, may be used repeatedly as is shown in Table IV and in Table

V.
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Table 11

Program Input Data

Formula Computer
Notation Language Notation ' Remarks

N N Code to number of elements

JJ - Indicates to computer when to stop

FIG - Indicates shape of container

L A Insulation thickness

h H Height of cylindrical part of

container
r R Radius of container
k B Number of layers of insulation




Notation
Af
Ab
Al
Ar
At
Au
At
1f
1b
11
lr
1t

R

= zZ\2,2 2 o »
< %

Table III
Program Output Data

Remarks
Cross-sectional area toward front
Cross-sectional area toward back
Cross-sectional area toward left
Cross-sectional area toward right
Cross-sectional area toward top side
Cross~-sectional area toward under side
Projected area of At
Conduction path length toward front
Conduction path length toward back
Conduction path length toward left
Conduction path length toward right
Conduction path length toward top side
Conduction path length toward under side
Volume of isothermal element
Ratio of At to At

Angle defined by Fig. 4. Computed to make all values of At
equal.

Angle defined by Fig. 5. Used in computing N
Angle defined by Fig. 5, Used in computing v
Angle defined by Fig. 5. Used in computing I:i
Unit vector through center of isothermal element
x component of N

y component of N

z component of N

Angle defined by Fig. 6. Used in locating N with respect to
-z direction,
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Table IVE(Cont'd)

N FLAT END JCYLINORICAL MIDOLE N FLAT END CYLINDRICAL MIDDLE
av/N ax/N 8 Lk L7k
¢ e 4x/N 4x/N Ly |e L/x L/
24 4x/N ax/N 24 L& L/
8 0 réyL/k 8 LA L/
AL (e 0 ryl/k L [e L/x L/
24 0 reyl/k 24 L/k L/
8 réyLsk ryl sk 8 90° )
A |18 réyLrsk reyL/k a |® 90° 0
24 réyl/x ryL/k ’ 24 20° o
8 rL/k % 8 124y,
As |1 L w b |16 17241,
24 L% " 24 124,
8 L/ % 8 cosb,
Ay s rL/k % H-\.lxl 1® cosby,
24 rL/k —':= 24 cos by,
8 2wr/N réyh 8 sin by,
A |e 2uP/N réyh 'Ny’ 16 sinby,
24 2wr¥/N réyh 24 sinb,,
8 27N réyh 8 10 0
A, | 20PN réyh IN,| |16 10 0
24 2xr¥N réyh 24 10 0
8 27rt/N 2r sin (¢y/2)h 8 10 N, £ Ny
A | 29N 2r sin (gy/2H N e 10 N N,
24 29N 2r sin (¢/2)h 24 10 N, =N,
) £, B+gr 8 180° 0° 90°
L |e £, S+ 6] 180 0o 90°
24 2. Sedr y |ea] 180 o 90°
8 %+-I3r J%-1-J3-r L l5ll %’.:; 3.4, 'a'.ss;;zé.ss; 3.8;45;
L | +d B+ i R v
24 S+gr S+dr + N, +, ms ¥
8 8xr/3N réyy or N, -, 25ns4
lg |16 8¥r/3N réy — N+, ng2
24 Bxr/3N r$y 8 AL/k enlr-t-LH]
8 8wi/3N réy v |e AL/K -]
b |® 8x1/3N réy 24 AqL/k —Zle'l[r’-(r-L)’]
24 Bx1/3N réy TTCYLINDER WITH FLAT ENDS (CODE NUMBER IS + 1.0)

15



Table V

This table indicates the symmetry of the elements, All elements
within a given block (one of the small blocks) have equal values for

the quantities listed in the heading.

For example, the numerical

value of ¢ for all elements in the first block (1,1; 1,6; 1,13; 1, 8;
etc.) is the same and need be computed only once,

SPHERE AND HEMISPHERICAL END

ﬂ CYLINDRICAL MIDDLE

N =72
$,A,A; ,Af,Ap Ay LAy HEMISPHERICAL ¢, A A L Af A LA LAY
_LL :Lr rLf ,Lb :lt rLU T END ONLY 0 L L L L L L
NXnNy1NZv0)bra LL : Lr | LL Lotroatfatbott oty
1 1,6 1,13 1,8 0 1
Lt e L3 1 1,8 1,14 1,7 6,14 6,7
6,1 6,6 6,3 6,8 |6l , 6,6 6,13 ) 6,8
¥ I
2,1 2,6 2,3 2,8 20 | 2,6 2,3, 2,8 | 214 2,7 514 57
5,1 56 513 58 |51 | 56 5,13, 5,8
3,1 3,6 3,13 3,8 | I
30 | 3,6 3,13 3,813,194 3,7 4,14 47
4,1 4,6 4,3 4,8 | 4,0 | 4,6 4,131 4,8
1,2 1,5 1,02 1,9 I :
6,2 6,5 6,2 6,9 l |
2,2 2,5 2,2 2,9 | !
5,2 5,5 512 5,9 ! !
3,2 3,5 3,02 3,9 1 i
4,2 4,5 412 4,9 { !
.3 1,4 1,if_ 1,10 I N
6,3 6,4 6,l1 6,10 l !
2,3 2,4 2,1 2,00 H |
5,3 5,4 5,11 5,10 I |
3,3 3,4 3,11 3,10 { :
4,3 4,4 4,11 4,I0 | [
N =32
i1 (1,4 1,9 1,6 1 !
1 1,4 1,9 I 1,6 } 1,10 1,5 4,10 4.5
4,0 44 46 4,9 141,44 49 | 46
2l 2,4 2,6 2,9 | I
2,1 | 2.4 29 | 2,6 | 2,0 2,5 3,0 3,5
3 34 3,6 3,9 | 3,1 ; 3,4 3,91 3,6
1,2 1,3 0,7 1,8 : :
4,2 4,3 4,7 4,8 | |
2,2 2,3 2,7 2,8 : :
3,2 3,3 37 3,8 1 1
N =8
1,1 1,2 1,5 1,4 Ly 1,2 5 ' 1,4
' bt I 16 1,3 2,6 2,3
2, 2,2 25 24 )21l 202 2,5 | 2,4
|,2{ 1,1 1,4 : 1,5
2,2 | 2,1 2,4 | 2,5

16




COMPUTER PROGRAM-DECK SETUP INSTRUCTIONS

All the data for one run is punched sequentially, as it appears

in title (input data), on one tabulating card.

JJ= 1is an added location that must contain a zero for
the last in a stack of runs, otherwise a nonzero

number,

FIG = is an added location that must contain a 0.0 for a
sphere, A+1,0 for a flat end cylinder, or A-1,0

for a cylinder with hemispherical ends,
The read statement is: 2 READ(5,3) N, JJ, FIG. A, H, R, B

The format statement is: 3FCORMAT(215, 5F10, 0)

TABULATING CARD

17



MAIN PROGRAM FLOW CHART

START
READ
INPUT DATA
P1=34I59
AN=N
+1,0 o
_N=72 N=8
N=32
LL=6 LL=4 LLs2 LL=6 LL=4 LL=2 LL=6 LL=4 LLs2
L=14 L=10 L=6 L=12 L=8 L= 4 L=6 L=6 L=6
8sw/6 | |0=%w/4||0=%/2 83 x/6 | |0=w/q4 | |0= w/2 8zw/6 | |8= w/4 | 0= w/2
CALL CALL CALL CALL CALL CALL CALL CALL CALL
DKI00 | [DKI0O | |DKIOO DKIOO | IDKIOO | |DKIOO DK200 | |DK200 | [DK200
ALL
A/L'S
WRITE
TITLE & INPUT
LOZ = L
LO2 = L/2
LO2PI= LO2+I
WRITE AL,
AR, AF - ——-
GO TO READ
INPUT DATA END

18




SUBROUTINE DKIOO

CALL
DKIOO

PHI, ALI, AR,

=8 | PHi,}, ALi,},
DLI N N8| PHLL, il
~==-DBij
PHII" ALI!" N=32
————DBi,j N=72
N= PHi,}, AL, j,
L2 e
PHiJ, ALij, NeT2
-—-~ DBi,j
L3 PHi,j, ALij,
| ---- DBij
PHi,j, ALi,_j,_
-——- DBi,j
ATij, AUi,j,
—-GALj |
RETURN

19




SUBROUTINE DK200

|

CALL
DK200

|

PHE, PHM
ALM, ALE--
-— GAE

PHi,j, ALi,j,

- — — GAi,j

i

RETURN




MAIN PROGRAM
LISTING

21



COMMON AT(6414)AUL6,14) AL{6,14),AR(6,14)+sAF(6,14),ABl6,14)ATB(6
T Cy 14 ALP B, 1% T yALL6, 14, B116 14, 0Tt6,14),0Ul6,1%4),0B(6,1%4),0F 16,1
C4)sDRUGy14)3DLI6+14) 9 GAl6:14)yPH{6,14) VI 6914)sVX(6414),VY(6114),V
T CI16,14) s ABDLI64,1%4) yAROR(6, 14 )y ABDF (6,14 ARDB(6, 14T, ADDT(6,14),A00
CU(6414),VBL(6,14)yNE(14)4N,FIG,A,B,H,R
2 REAUTS 3TN JJ»FIGy Ay HyR,y B
3 FORMAT(215,5F10.0)
——PIE3SI4IS59 T T
AN=N
T IFtFIGYI45,115,116 —
116 TF(N-16)147,118,119
TIT—t=2

1L=6
TH=P1/72. 77—
CALL DKZOu(AN:LL:L'TH)
T 6D TP 875 T
118 LL=¢ ‘
L
TH=PI1/4.9
T CALLU DRZ200(CAN,LL,LTHY
G T2 875
119 LLt=6
L=6
TR=VI1/0.V
CALL DK2JU(AN,LL4sL,TH)
G 10 BI5
115 IF(N- 32)146-147,148
146 LL=2 T
L=¢4

TH=PI7237)
CALL DK10uU (AN, LL.L.TH)

GO TY 875 o T
147 LL=4
¥ - S T
TH=PI/4.0
CALL URIUUTANSLL L,y H)
Go T9 875
148 LL=6 :
L=12.
T THEPIZE.Y T

CALL DKLJO(ANsLLyL,TH)
GO TU 875
145 IF(N-32)697 8
=6 e
LL=2
TTTTTHEPI/2.0 T
CALL DK1OO(ANsLLsL,TH)
GO TP 875
7 L=1,
—rL=g - T e —
TH=P1/4.)
0 CALL OKIOJU(AN,LL,L,THY —
G@ T2 875




TH=PI1/6.J
CALL DKLGO(AN,LLoLyTH)
875 D@ 200 I=I,LU S -
DB 200 J=1,L
~ T TREDLATJ)=ALCT,JI70LT T, 90 T *‘*
ABOR(I,J)=AR(I4J)/DR(I4J)
ADDFUT+J)I=AFUI,J)/0F11,J]
ABUB(I,J)=ABII,J)/0B(1,4J)
~ T T ABDT (I, JVEAT(T, 3V /0T (T4 J)
AGOU(T,J)=AU(T,J)/DUCT,J)
— 200 CBNTINUE o
WRITE(64880)NsAyH, Ry B, TH,FIG
—8BU FORMATUINI;46X; 3TH*¥¥ CRYPGENTC STPRAGE PN THE MUPN ¥¥¥7777756X; 30 —
C N=I3/56X43H L=E14.5/56Xs3H H=El445/56X,3H R=E14.5/56X43H K=El4+5/
C53 X, 6HTRETA=ELSG.57730X,,44HIF CPDE NUMBER = 0.0 THE FIGURE IS A SPH
CERE, /30X ,61HIF CPDE NUMBER = 1.0 THE FIGURE IS A CYLINDER WITH FLA
~ T CT ENDS, /30X, TOHIF CBDE NUMBER =-1.0 THE FIGURE IS A CYLINDER WITH
CHEMISPHERICAL ENDS.//57X,13HCBDE NUMBER =F5.1)
NA=Y
DB BTL J=1.L
NA=NA+1 o
871 NE(J)=NA
77777 IFTL-8)830,800,801
800 L@2=L
G TP 8UZ
801 L@2=L/2
T LgZPI=LEZAL
802 WRITE(6,8U3)(NE(J),d=1,L02)
" BUO3 FORMAT(7777X,20HPHT ANGLE IN RADIANS/7/7(3X,8114Y})
DB 804 I=1,LL
BUG WRITE(S,805 T, (PRI I LW J=1I,L(B2)

8U5 FORMAT(6X,13,8El4.5)
IF({L-8)806,806,807 ,
“BO7T WRTITE(6,BUBI{INETJIY,J=LBZPI, L) o
808 FORMAT(/3X:8114)
vy 809 T=1,LL
809 WRITE(6,8U5)1,(PH(I+J)yJ=LB2P1,L)

806 WRITE(6,81C)INE(J)yd=1yL02)
T8I0 FOURMAT(/777X,9HAREA LEFT7713X,811L4))
D@ 811 I=1,LL
“BIT WRITE(G,80S T (ALt T, J1,J=1,L02)

1r(L-8¥812,812,813
813 WRITE(6,8U8)(NE{J)J=LB2P1,L)
D@ 814 I=1,LL
8l4 WRITE(6,805) 1, (AL(1+J)+d=L02PLsL)

812 WRITE(6,815)(NE(J),J=1,L02)
815 FURMAT(/7/7X, IOHAREA RIGHT/713X,8I14T)
D& 816 I=1i,LL
" 816 WRITET6,8U51 1, TARTUT,JT,J=1,L02)

IF(C=87817,817,818
818 WRITE(6,808)(NE(J)J=LP2P1,L)

23




0P BI9 T=I7LL
819 NRlTE(bySUS)Iv(AR(IoJ)oJ LﬂZPl,L)

817 WRITE(6,820)(NE(J)J=1,L02)

820  FORMAT(/7/TX» LOHAREA™ FRONT//U3X,8T14))y
0@ 821 I=1lsLL

821 WRITE(G, 8051, (AF(T, 37, J=1,L0Z)

— IF{L=8)Y822y822,823 T T
823 ﬂRITE(b;BUB)(NE(J),J L@ZPI L)

T p@8e =L, T T T
824 WRITE(6,8.5)14(AF{I,J),J=LB2P1,L)

822 WRITE(6,825)(NE(J),J=1,L02)
_BZ5MFURMKTT7/77XI9HﬁR£ﬁ"BKCK77TSXTBTIKTTW”“Mﬁ“
DO 826 I=1,LL
—H256 WRITE(6,805)1,{ABUT,J),,J=1L02Y " —

[FTC=871827,827,828
828 WRITE(6,8U8) (NE(J),J=LB2PL,L)
OB 829 I=1l.LL T T
829 WRITE(SG, 8uS)1,(ABlI,J),J=LO2PL,yL)

827 WRITE(6,83C)I{NE(J)+d=1,L082)
B30 FRRMAT (/77 TK, BHARER TPP77 13X, 811477
D@ 831 I=1,LL
831 WRITEU6,80SIT, (ATt I, J)yJ=1 L2y

T TIFtL-81833,833,834
834 WRITE(6,828)(NE(J),J=LB2P1,L)
DY 835 1=1,LL
835 HRITE(b BUS)Iy(AT(IvJ)'J LQ4P1:L)

833 WRITE(6,836)(NE(J)J=1,L02)
~"836 FORMAT(/7/TX,10HAREA UNDERZ7(3X,8IY&Y Y
D@ 837 I=1,LL
83T WRITE(S, BUSTIH tAUT T J W J=1LB2T

o T IFRtL=87838,838,839 T T
839 NRITE(6.8u8)(NE(J) J LﬂZPloL)

TP 840 TE1.LL ’ *“
840 WRITE(6,4805)1,(AUCTIyJ)yJd=LB2PL,L)

838 WRITE(6,841)(NE(J)d=1,L02)
T84l FORMATI/7777TXy 14HAREA BAR SUB T//(3X78I14))
D@ 842 [=1,LL
842 WRITE(8,8U51 T, (ATB(T, ), J=1HLB2) —

IF{C=-878%43,84%3,84%
844 WRITE(6, 808)(NE(J).J LﬂZPl.L)
T DB B4S T=1,L0 0 o T T
845 WRth(b,BL‘S)I,(ATB(I.J).J LﬂZPI,L)
843 wRITE(6.846)(Nt(J),J=1,L92)
Dﬂ 8#7 I l,LL




84T WRITETE:BUSTI (OLTT,J7,J=1+L02)

© IF{L=81848,848,849 R
849 WRITE(6,8u8) INE(J),J=LB2P1,L)

DB 85D T=iyLL

850 WRITE(6,805)14(DLI1,J)yJ=L@2PL,L)

-¢
o~

848 WRITE(6,851)(NE(J),J=1,L082)
851 FORMAT(/77TXy1Z2ZHLENGTH RIGHT//(3X,8114))
D@ 852 I=1,LL
852 WRITE(6+80511,(OR(UT,JY,J=1,002)

IF{T=878537853785%
854 WRITE(6,8L8) (NE(J),J=LB2PL,L])
DR 855 T TETL LU T
855 WRITE(6,8u5)1,(0R(1,J),J=LB2PLyL)

853 leTE(b.BSb)(NE(J)9J=1.LEZ)
856 FPRMAT(/7777X,1ZALENGTH FRONT/713X,BTI4T)
D@ 857 I=1,LL
TB57 WRITE(6,8C51Ty (DFUIJdV»J=1,L02)Y

T IF(L-87858,858,859 T~ ST
859 WRITE(6,8uB)(NE(J),J=LB2P1,L)
0P~ 86U I=1,LL
860 NRlTE(bgBUS)I»(DF(IyJ) J LEZPI,L)

858 WRITE(6,861)(NE(J)J=1,L02)
861 FORMAT(///77Xy1IHLENGTH BACK//(3X,8114))"
D@ 862 I=1,LL
862 WRITE(6,8UST T, (UBUT, ), J=1,L02T

"IF{L-87863,883,864 i ST
864 NRITE(6,8V8)(NE(J) J LZZPl L)

DB 865 I=1,LL T S
B65 WRITE(6,8:5)1,(DB(I4J)yJd=LB2PLyL)

863 WRITE(6,866){INE(J)J=1,L02)
T 866 FORMATI{///TX,10HLENGTH T@P//(3X,8114)) = ~
LB 367 I=Ll,LL
367 WRITE(6,8U5)I,(DTUI\J)yJ=1,L02)

IFTC=871867,867,868
868 WRITE(6,8uB)(NELJ),J=LR2PL,L)
DE 371 I=i,L T o
371 WRITE(6,8u5)1,(DT(I,J),d=LB2P1,L)
867 WRITE(64372)(NE(J),J=1,102)
3TZ FORMATU777 TRy IZALENGTH UNDER77T3X,8T14T]
D@ 373 I=1,LL
T373 WRITE(6,835)T,10U(T,JV,yJ=1,L02]) T

IFUL-81374,374y375 — —~
375 WRITE(6,8u8)(NE(J),J=LB2PL,L)

D8 876 T=1,LL
876 WRITE(6,8.5)12(0ULL4J)yJ=LB2P1,L)
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374 WRITE(6,8TT)(NE(J)yJ=14L02)

“8TT FORMAT(///TXy22HANGLE ALPHA IN RADIANS//(3X,B8I1a7¥)
D@ 878 I=1,LL

T BT8 WRITE(6,855) 1, (ALP(TI,J),J=1yL02)

IFTL=81819,8(9,30U
1380 WRITE(6,8u8) (NE(J),J=LB2PL,L)
' U788l I=i,LL e B —
881 WRITE(6,805)1,(ALP(1,J),J=LO2P1,L) '

879 WRITE(64882)(NE(J)yJ=1,102)
B8 FORMAT/ 777X, THSMALLC A77 13X 81147}
D@ 883 I=1,LL
883 WRITE(6,80SI T, (AT I I )Yy J=1ylL@2y 7 777~

"IF{L-8)884,884,885 e
885 WRITE(6,808)(NE(J)»J=LBZPLyL)
Uy 880 1=1,,LL
886 leTt(é 8u5)[7(A1(I J) J LEZPI L)
884 WRITE(6,887)(NE(J)yJ=1,L02)
"B87 FORMAT(/777X, THSMALL 87713X,8I1a¥) , o
D@ 888 I=1,LL
888 WRITELS,BUDST1»1BITIL,J 1 »J=1LLUL]

"IF({L-87889,889,890 T
890 WRITE(6,8U8)(NE(J), J LZZPI,L)
T DBT891 T=1i.LL e e
891 WRITE(6,805)I,(B1l(I,J)4J=L0B2P1,L)

889 WRITE(6,892)(NE(J),J=1,L02)
892 FORMATI(/777TXy9IHVECTOR NXZ/7U3X+yBI147V] T
D@ 893 I=1,LL
T893 WRITE(6,8U5)1,(VX(1,J7,J=1yL027" -

IF{T=87894:89%,895
895 WRITE(6,808)INE(J)J=1L02PL,yL) .
- DR 896 1=t T “"
896 HRITE(6 8)5)1.(VX(I J) J LﬂZPLvL)
894 WRITE(6,897)(NE(J),J=1,L82)
BT FERMAT(7777TX,9HVECTOR NY/7(3X5;811%7))
DY 898 I=1,LL
“BQB”WRITEfE{BUSTT?TVYFT{JTTJ¥YTEHZ)

T UIF(L=81899,899,920 -
920 WRITE(6,808) (NE(J),J=LB2P1,L)
U 921 1=4iL0L
921 WRITE(6,8U5)1,(VY(1,4),J=LB2PL,L)

899 WRITE(6,922)(NE(J),4=1,L02)
7922 FBRMAT(///TXyIHVECTOR NZ7/7(3X48114)7)"
D@ 923 I=1,LL
923 WRITE(G, 805 I (VZT T, JT,J=1,LC02)

26




TFTT=-72197%4,924,975
925 wRITE(6,808)(NE(J).J LZZPI,L)
T T DB 925 TEILLL T
926 wRITE(é BUS)Io(VZ({!{) J LﬂZPlyL) o o
924 HWRITE(64206)INE(J)yJ=1,L082) »
D@ 201 I=l,LL : .
UL WRITEUL,8U5)1,(VUIJ),yJ=1,1L02)

T TFIL=87203,203,204
204 WRITE(6,8G8)INE(J)+J=LB2P1,L)
DU £05 I=1,LL
205 WRITE{(64805)1,(V(I,J),J=L@2P1,L)

203 WRITE(6,927)(NE(J) 4J=1,L082)

927 FORMATU7777X, 22HANGLE GAMMA IN RADIANS7713X,8114))
DB 928 I=1sLL

Fe8 WRITE1S,8U0011,1GATI,JY,,J= lfLW)

T IFICEBITT3, 773,929
929 WRITE(6,808) {INE(J)J=LB2P1,L)

— DB 930 I=I,LL

930 WRITE(6,805)14(GA(I,J),J=LB2PL,L)

773 WRITE(6,774)(NE(J)yd=1,L82)

774 FURHITT7777X-ZZHVWEUME_UF_EKCH"EEEHENT77T3X_3TTKTT——-_
0@ T15 I=1,LL

75 WRITEU6,8051 [, TVBLTT» J)+J=1,102)

IFTL=-8)8069,809, 770
T76 WRITE(6,8BUB)(NE(J),J=LB2P1,L)
DRIt I,
TTT WRITE(6,805)1,(VAL(T,J),J=LB2P1,L)

869 IF(JJ)2,29,2
END




SUBRGUTINE DK1OQJU(ANyLLsL,yTH)
"""" COMMBN AT(6,14),AUL6,14),ALT6,14),AR(E, 14V AFT6,14),AB16,14]1,ATB(6
Cy14) ALP(6,14)4AL(6414),B1(6,14),0T(6,14),DU(6,14),DB(6,14)4DF(6,1
T C&V,OR(6+147,DLT164,14)yGAUG,14),PATE, 143 VIEy L4, VXIE, 141, VY(6,14],V
CZ(6414)9ABDLI6914)+ABDRI6414)+AB0F(6+14)+AB0B(6,14),A8DT(6+14),A0D

CUTG, 14T VULTB, i3y NETI&4T s Ny FIGA3BsHsR
PI=3.14159
G THBZ=TH/ 2.0 — — e e e
CIS=1e0-((4.0#P1)/(AN=TH)) .
TTTPHLEARKCBSTICISyIERRY ™ 7 e e e
PH1@2=PH1/2.0
SIPLI=5INTPHLIBZY
SIPLSC=SIPlwn2
— STTH=SIN(THBZ2Y ~ — 7~/ 7/ 7 77 V T T T
COTH=C@S(THY2)
T T UPHEUAN/PII«SIPLISQeSITH®CETH 7 o B
IF(IERR)4+5,4
& WRITETEyZ24])
28 FBRMAT(///10X,15HERRBR IN ARKCZS)
5 ALL=(R*PHI®*A/B)#{1.U-TA7(2.¥R#B}))) o - o
ARi=ALl

T SPI=SINUPHLY - T _ T
AFl=((R*A%TH)/B)#(SP1l-A/{(2.%B#R))

ABL=UVJ
ATi‘(4.iPI*R"2)/AN

iiiiii AULI=ATI = ’*“ R o
DLi=(H/2.)+(R%TH/4, )*Spl

T DRIEIR#TH/Z2. Y #SPY 0 T T o o e
DFi1=R#PH1
UBL=(RK/ e T #PHI
DT1=A/B

T DUT=DTL ' S o o T
VQLL—(4.J/(3.*AN*B))*PI*(R"’3'(R A)"*a)

T T BLiI=ULT0TRPHY T o o T -
ALP1=0.5#%#TH
SNI=SINUBII)
VZ11=SIN(ALP1)#5N1

TTTTTVYLTI=CBSTALPL) #SNT
All= ARKSIN(ABS(VZII’,IERR)

T TIFTTERRTA,150,4 B ’ - T

150 vX1i=C@S(B1ll1)
AVXT=ABSTVXL)
AVY11=ABS(VY1ll)
T ARVZ1I=ABSU(VZIIY T o
AT1L= RiPHL*H
T AUIT=ATIUL
ATBlL=2.#R&#H=*SIN(PH1/2.)
AUTC=TTR#*#PHI®A] /8T # {1 . -TA7 (. #B¥RJT]
ARiL=ALLIL
TTTTTTAFIL=A%H/B T T T T T
ABlL=AF1L ’

T TATB1=CPH#=AT1 T -
DLIL=(H/2.)+(R#TH/4.) #5P1
DRTIL=DLIL i
DF1L=R#PH]

28




DBIC=0FIT

VELLL={PHL/(2, %8

v
IF(FIGI166,167T,167
166 IF(N- 32)10,11'11
~10 D@ 30 I=1,2
DB 3¢ J=1,6
30 PHIUT,,JJ=PHL
0B 31 I=1,2
DB 3L 9=, T T
IF(J-3)32,31,32
32 ALy dY=ALY T T s e e
AR(I,J)=AR1
T AF I I r=AFI
AB(I,J)=AB1
“““ TOFtIydy=E0oFY T T T T
oBltl,J)=08l1
*f"‘*sﬂ*r;J‘rf’BﬁI’r’—“ TOTTTITTIT T T T s
31 C@NTINUE
DO U I=152
08 7v J=1,5
B 2 OV R I 8 O £ £ 2
T3 IF(J-3)T2470474
A& TFUI=4TT1, 71,72 T T T T T
71 DL(I,J)=DL1
“URTTZJT=0RY
GO T8 T
T2 UL({1,J3)=0RL
DR{I,J)=DL1
“TO0 CONTINUE -
D@ 33 I=1,2
T U033 =35
IF(J‘,‘})34135935
T35 IFtI=5)133,33,3% — A
34 AT(1,J)=ATI1L
T TAUtT S JY=AULIL
ATB(I,J)=ATB1L
ACTT, JT=ALCIC
AR({I,J)=ARI1L
T TAF(IZJTEAFILC ) e
AB{(I,J)=AB1L
T OWt1,dYsOF¥VIC T T T
DB(1,4)=DBI1L ’
BItIyJ =811
33 CONTINUE
T TGP TE 873 T
167 DL1=(R#TH/2.0)+SIN(PH1)
IFIN=327168,11711
168 DB 169 I=1,LL
DU 189 J=I,L
PH(1,J)=PH1
ALTT, Jr=A11
AR( I ) J ’=AR1
AFTIT, JT=ATT
AB(l,4)=AB1
OCX T, J7=00CT
OR(1,J)=DR1

*hi® (R##2-(R-A)#x2)




OF (I, JV=0F]
DB(I,J)=0D8B1

—BIlIJY=Bl1 T

169 CONTINUE

TGP YO8 T

11 CBS1={1.2-({8.2P1)/LAN#TH)))
PHZ=ARKCES(CHST, [ERRT=-PHI
IF{IERR)4,19,4

19  ALZ=(R*PHZ*#A/BI#(1.U-TA7(2.¥B%R)))
-ARZ2=AL2 .

T TSPZESINIPHIF#PHZT
AF2=((A2R=#TH) /B) #(SP2-(A/(2.%B=*R)))
ABZ=AF1
DL2={H/2.)+(R2TH/4.0)#(SPL+5P2)
DRZ=(IR®TH/Z. T#(SPI#FSP2Z)
DF1=(R/2.u)#( PHL+PHZ) |

T DFZER®PHZ T T T
pB82=0DF1
AT L=SR¥PHZ#H
AU2L=AT2L
ATBZL=SZ ¥ ReSTN({PHZ/72+ T#H
ALZL=(R&PH2#A/B)#(la=(A/(2.282R)))

T ARZL=ALZU T T
AF2L=H*A/B
ABZL=AFZL
DL2L=({H/2)+{ReTH/ 4. ) #(SPL1+5P2)
DRZL=DLZL
DF1L=0F1

T DFZU=R®PHZ T
DBlL=R#PH1
DBZC=EDFIL
VBLZ2L=(PHZ/(2.,#3}))#He (Reu2-(R-A) #22)

TTTTBLIZEULSPHZAPHL T T
ALPZ2=1.5#TH
SNZ=ESIN(BLIZ)
VZ21=SIN(ALPL1)#SN2
VIIZ=SINUALCPZT#SNI
VZ2c=SINLALP2)#SN2

VY ZIECOS TACPIY¥SNZT T
VYlz2=COS(ALP2) #SN1

oy YZ22=CBSTALP2ZYWSNZ T T T
A21=ARKSIN(ABS(VZ21), IERR)

AL Z=ARKSTNUABSIVZIZTy [ERR]

A22=ARKSIN(ABS{VZ222), IERR)
——TF{TERRT&, 12,4 — — —
12 vXe=C@S(8B1i2)

TTTTARVXZEABS (VXY T T T
AVY21=ABS(VY21)
AVYIZSABSTIVYILZ]
AVY22=ABS(VY22)

T AVZIZ=ABSI(VZ1Z) T
AVZ221=ABS(V221)

TTTTTAVZIZZEABSI(VZZ22Y T ’ T
IF(FIG)187,188,188

IB7T IFIN=32120,2U, 21

20 D@ 36 I=1,4

30




38 IF(1-3739,39,37
37 IF(J=5)40,36,40
%0 PH(I;J)=PH1 —~ =

OB 36 I=1;9

IF(1-2)37,38,38

AL(I,J)=AL1

ARTT, JT=ART
AF(I,J)=AF1"

T AB(T, Jr=AB1

DF(I,J)=DF1 ,
DB I J)Y=0B1 S
B1(I,J)=8Bil

39

Gg~ TD 36
IF(J=-5)41,36,41

I PAUTyJ)=PH2

AL(I,J)=AL2

ARTT,JY=AR2
AF(1,J)=AF2

T 0BUIL,JY=0BZ

ABTI, JY=ABZ
OF(1,J)=DF2

BitI,J)=B12

36 CBNTINUE

DB 42 I=1,4

DP 42 J=5,10,95
IF(I-2)43,45,44

IFII=31%5:457 43
PHU{IyJ)=PH1

AT(T, JY=ATIL
AULT,,J)=AULL

ATBUTH JT=ATBIT
AL{I,d)=AL1L

ARTTJT=ARIL
AF(1,J)=AF1L

T TAB(THITEABIL

DF(1,J)=DF1L

UBTTJT=0UBILC
Bi(I,J)=811

45

GO T9 42
PH(I,J)}=PH2

AT(Iy9V=AaT2L
AU(TI,J)=AU2L

ATBTTI7IT=ATB2L
AL(I,J)=AL2L

T ARTI,JV=AR2L

AF(I,J)=AF2L

T ABUT,JV=AB2L

DF(1,J)=DF2L

DB{T,JT=082C
Bl(I,J)=812

42

CUNTTNUE
Gg Tg 873

188 DLZ=(R¥TH/Z- 0¥ (SIN(PHITFSINIPHI¥PHZTT

IF(N=-32)270,270,21

rA4Y

U0 7L T=I,LC
DO 271 J=1,L




TF{T1-27127T2,273+,214%
274 IF(1-3)273,273,272
272 PRAUTGJT=PHL o
AL{1,J)=AL1
********* AR(T,JV=ART = -
AF (I,J)=AF1
ABTI,JF=AB1
DL(1,J)=0DL1
T TDRUI,JVEDRT
UF (1,J)=DF1 _
T OBUT,JVEDBT T , :
B1(I,J)=B11
G T 2i1
273 PHU{I,J)=PH2
TUALT,JVEALZ. T T
AR{1,J)=AR2 :
T UAF(T,JYEAFZ T T T T T
AB(1,J)=AB2 :
~DLUT, J1=DLY
DR(1,J)=DR2
DF{T,JY=DF2
DB(1,J)=DB2 _
T TUBLUINIYEBIZT T T
271 CONTINUE
GP TY 874
21 PH3=(PI/2.)-(PHL+PH2)
TUUALSE(REPHI#A/BI#(T-UA/TZ #R#BY YY)
AR3=AL3
T AFZETAYRTH/BI# (1 =TA/ (2 #B¥RIVF ™
AB3=AF2
UL3=TH7 . T+ R*¥TH/4.T%15PZ¥1.)
DR3=(R¥TH/2.) #(SP2+1.)
T DFIE(RV/2.V#{PHL+PHZ) e
DF2=(R/2.) *(PH2+PH3)
T DF =R #PH3 T oo T
DB3=DF2
— AT3L=K#PHS*H
AU3L=AT3L
ATB3L=2. *R*SIN(PH372. T#H
AL3L=(R#PH32A/B)*(1.~(A/(2.#B*R)))
~  TAR3L=AL3L T
AF3L=H»A/B
AB3L=AF3L
DL3L=(H/2.)+(R*TH/4.) #(SP2+1.)
TUDR3L=DL3L T
DFiL=(R/24)#(PH1+PH2)
TTTTTTTDRZL=RIZG T T PHZFPHI)
DF 3L=R#PH3
DBIL=K*FH1
OBZ2L=DF1L
T UTDB3L=DF2L T -
VOL3L=(PH3/(2,%B)) #He (Re%2=(R=-A) #%2)
T B1I3=0.5#PH3+PHZ¥PHT T T -
ALP5=2.5%TH '
SN3=5INUBi73])
VZ51=SIN(ALP1) =SN3

32




VZI3=STN(ALP3THSNI
VI:3=SINIALP3) 2SN2
VZ3Z2Z=SIN(ALPZ2)Y®#SN3 7
VZ33=SIN(ALP3) %SN3
VY31 =C@S{ALP1) #SN3
VY13=CUS(ALP3)=SN1
VYZ3=COSTALP3T*SNZ
VY32=CaS(ALP2)#SN3
VY33=COSTALPIY®#SN3 — — —
A3L=ARKSIN(ABS(VZ31),ERR)
TATZEARKSINTABSTVZI3),, IERRY
A23=ARKSIN(ABS(VZ23), [ERR)

T A ZTARKSINTABSTVZ3IZ) , TERR)—
A33=ARKSIN(ABS(VZ33), [ERR)

T TIRUIERRY S I3, - o

13 vX3=C9S(B13)

T AVX3EABSIVX3Y oo o e
AVY31=ABS(VY3l)
AVYIS=ABSIVYI3Y
AVYZ23=ABS(VY23)

T AVY3ZEABS(VY32Y T o T
AVY33=ABS(VY33)
AVZ3ILI=ABSIVZ3YY T
AVZi13=ABSI(VZ13)
AVZIZ3=ABSTVZIZ3)
AVZ432=ABS(VZ32)
AVZ33=ABS(VZ33)Y T
IF(FIG)92L,901,991

900 0@ %6 1=1,6 T —
D@ 46 Jd=1,13
GO TO4 174874949, 48,4711 —

47 IF{J=T)52,46,52

TTU8Z PHUTZIYEPHY T e
AL{I,J)=ALL

TTTTTTARC Iy JYEARY o T T
AF({I4J)=AF1
ABTI JT=AB1
DF(I,J)=DF1
DBCIyJd¥Y=z08Y
Bl(I,J)=B11

I €/ B I B -

48 lF(J-7)51,46,51

51 PH{T, JI=PHZ
AL(I,J)=AL2

AR TG IS ARZ T
AF(1,J)=AF2 _

T T AB(I R JT=ABZ T
DF(14,J)=DF2
DBTI,JI=0UB2
Bi(I,J)=812

G TD %6

49 IF(J=T7)5%,46,50

TS0 PHTTZJIEPHS - -
AL(I,J)=AL3
ARTITJI=AR3
AF(I15J)=AF3




AB{1,J)1=AB3
DF(I14J)=0DF3
—TTpB(1,JdI=0B3 - T T
BillsJ)=813
~“&6& CONTINUE — 77— 7/ 7/
D@ 63 I=1,6
DU 63 J=T,1%y1{
GO TO(54,651561562654964),1
64 PHUT,,JV=PHL
AT(I,J)=ATI1L
T RU(T,,JdYsAUILC T
ATB(IsJ)=ATBLL
AC{T,J7=ALIL
AR(I,J)=ARILL
’’’’’ AF(I,JY=AFIL —
AB(I,J)=AB1L
T ODF{1,Jd)=DF1L
DB(L,yJ)=DBLL

BITI,JT=B1l1
Gd Tg 63

—B5 PH{T,J)Y=PHZ — T

TATUL,Jd)=AT2L

TTTUARULL V=AU h N

ATB(1,J)=ATB2L

ALTI»JI=ALCL
AR ,J)=AR2ZL

TUTTAFUT $ JYSARZ2L T
AB([,J)=AB2L

T UDF(TI,J)¥=DF2ZLC T
LB(I,J)=DB2L

BI(T,JJ=Bic
Go TV 63

56 PH(I,JI=PH3 R
AT(I,4)=AT3L

| TTTUAUCT 9 J)=AU3L
ATB(1,J)=ATB3L

AUTT JT=ALSL
AR(I,J)=AR3L

TTTAF(T,JYEAF3L
AB(I+J)=AB3L

TTUUTTDRUTLJY¥=DF3L T T T T

oB(I,J)=DB3L

BITI»JI=Bs3
63 CONTINUE

TGO Te 813 ,
901 DL3=(R#TH/2.0)*(SIN(PH1+PH2)+1.0)

DP 902 TI=1,LL
D@ 9u2 J=1,L

ITFTT=27703,904,7905
905 IF([-4)906,906,907

903 PH(1,J)=PHl

TTTTTTAUL(T,J)=ALYL
AR(I,J)=AR]1

AFTT,JT=AFl
AB(l,J)=AB1
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OCL{T,J71=UL1
OR(1,J)=DR1
DRI ITEOFY T
DB(1,J)=DB1
RS E AL 7S S—
Ce Ty 992

T90% PAUT,JI=PHZ
AL(1,J)=AL2

“AR{TZ JT=ARZ
AF(I,J)=AF2

AB(T,JV=AB2
DL(I,J)=0L2

DRI II=UR?
ODF(I,J)=DF2

DB I,J)1=082
Bl(I,J)=Bi2

LY 1B UL
906 PH(I,J)=PH3

ACTIZJIT=AL3
AR{I1,J)=AR3

Artl,J}=AF3
AB(I,J)=AB3

ULTLl,J)=UL3
DR(1,J)=DR3

DF (T JT=0F3
0B(I,J)=DB3

BITI,JT=813
902 CONTINUE

GO~ TO 87%
873 DB 26 I=1,LL

D026 J=1,L
IF(N=32)60+61+62

60 1TF1J=31606,26,567
67 IF(J-6)66,26,66

7861 IF1JT5166,26,68
68 IF(J-10)66,26,066

62 IFUJ=1166+,26169
69 IF(J-14)66+26,66

66 AT(T,JI=AT1
Au(l,J)=AUl

T ATBUT,JT=ATB1
26 CONTINUE

Gy TP 18
874 DB 872 I=1l.LL

00872 J=1HL
AT(I,J)=AT1

AUTT, JI=AUlL
ATB(I,J)=ATB1

— 872 CONTINUE
18 DB 25 I=1,LL

09 25 J=1,L
DT(1,J)=DT1

DUTT»JT=DUT
25 CONTINUE

IF(FIGIIS 153,153
152 DB 151 I=i,LL




Dy 151 J=i,L
IFI{N~32)154,155,156
—15%4 GO TE@l157,158,159,157,158, 159y, ~—~— 7
157 DL(I,4)=DL1
TTTTTTGR TR O1ey T T T “7
158 DL(I,J)=DR1
L TP 1630
159 DL(I,J)=DL1L :
T TGR T 16 - - ST T T T
155 G@ TP(1l61,162,162+161),1
—161 GP TPl157,158,158,158,159,157,158,158,15851591,0
162 GO TO(163,164,164,1644165,163,164416441644165),+J
153 UL, JI=0LlJZ
GZ TP 169
—I®G DUTT,JYSDORZ2 7 7 T T T s e e
GE TU 169
165 DL(T,.d)=DL2L T T T e e e
G@ TP 160 '
TI56 GU TOUITo 171,172y X722y ITT1170UT»1
170 6@ T@(157,158,158,158,158,158,159,157,158,158,158,158,158,159),J
—I7I GO TU(163,1664,164,164,164,164,165,163,1564,164,164,16%,164,16571,J
172 GO TU(173,174,174, 1741174 174 175,173,174,1744174,174,174, 175)'
TIT3 DLUT,,JY=DL3 T T o
GB TP 162 :
174 DLUT,J1=DR3
Go T2 16D
TS DLUT,Jr=oL3L T ’ B . - T
160 IF(N=-32)176,177,178
IT6GE TO(IT79,180,181,179,180,181)Y,d 7 T o T
179 DR{I,J)=DR1
G 10 151
180 DR(I,.J)=DL1
TTTTTTGB TR 151 T T T T T T T e e
181 DR(1,J)=DR1L ‘ .
TGP TP 151 ’ o ‘_ T T
177 G#@ Tld(lb&ola3 183,182),1
182 GO 1RTI 79,179, 179,180,181+ 179,179, 179,18U,181)J
183 G TU(l84, 18‘“1841185,186 184 184,184.185'186),
T 184 DRUT,JY=DRZ 77 _ T
LG8 T8.151
185 DRUT,V=DL2 — Tt A
Gg TP 151
186 DRKTI,J7=DRZL
Go 19 151
TI78 G@ TB(189,190,191,191,190,189),1 - - T
189 G2 TP(179,179,179,179,179,182,181,179,179,179,179,179,180,181),J
—I90 GP TOl18%,184,184,184,184,185,1856,184,184,184,184,184,185,18567,J
191 G TP(192,192+192,192+1929193,194,192,192,192+192+192,193,194),J
I9Z2 DRTI,JT=DR3
GO TP 151
193 DRUI,.JYy=DL3  — ~— — 7 N
GP TP 151 .
“19% DRUI+J)=DR3L , T
151 CONTINUE
153 Up 400 T=1,LT
DZ 400 J loL
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IFtFIGY®T1+202:402
401 ITFIN=3231403,4044405
403 G2 TQ(a064,4U6,40T,406,4716,43T)V4J
406 ALP(I,J)=ALP1l
TTTTGE TR Ry T T
407 ALP(I,4)=0.0
GO TZ 47U
4ubd LB TO(40604120412,406,44% 7.436 412 412 4 6 407),J
HrZ APty dr=atp2 — o e T
G@ TB 40D
G5 G0 TOE)6,412,422y4227412,406,407,406,4%412, 4229422.4123476 40TV VI~
422 ALP(I1,J)=ALP3
GO T 407
402 [F{N=-32)406,424,425
424 GUTTElEaI6,412,412,4086,4006,412,41 2,406,007
425 GO TP(4U6,4.412, 4&4,422,412.4‘6 406,412, 442.422.412,406),J
400 CONTINUE —
02 430 I=1.,LL
D0 430 J=1,C
IF(FIG)431,432,432
H#3IT IFIN=321%43643Ty438 - e
436 G2 Tﬂ(433'433.434.433,433 434), J
433 AI{T,Jr=A11 T T T T
G T2 435
734 AT T, JT=0.0
GO T 430
437 G0 To(439,440,440,43971,1
439 GO TP14334442,4429433,434,433, 442.442.433.434)-J
FE2 ALt Iy=A12 R T
GO T® 439
R0 G0 TO GG T 448, 4487 a4 T 43 ) 44 T A4 8, 488, 44 1 434 17 J
447 A1(1,J)=A21
GO Tg 430
448 Al(1,J)=A22

438 GO TR(453945414569456,454,453),41
G533 GO TO(G33 1082714597 459184 271433704389 08337442+9459+:45917442:4337,430 013 J
459 Al(I,J)=Al13
TTTTTTGY T %30 )
4564 GP TA(447,448, 466,466 448, 447 434 447:448;466:466o448'447,434)’J
466 AL (I, 3)=A2Z3 o T

GO TP 430
HOE6 GO T AT 4T 3 4l S Al 4T G T a3 4T AT N G TS5 415 4T3, 41254361 4J
472 AL{I,J)=A31

GO TU 43J
473 AL{I,J)=A32

GO TD 439
475 AL(1,J)=A33

GZ TU &30
432 1F(N-32)433,481,482
481760 TU(483,48%,484,483),1
483 G T0(433,442,442,4339433+1442+1442+9433),4J
484 GO TOl4A T 448,448, 44 T 145 T, 448,448,457V, J
482 LGP TO1492+1493,495,495,493,492),1
492 OU TR 33,85 2,409 409 44021433183 39042145914091 4420433011 J
493 GO TO(44T,448,46694661448944T444T+44844662466,448,44T7),J
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* ) ' ) ’ ) ’ ’ ’ ’ ' ’

430 CONTINUE

09 550 I=1,LL
D@ 550 J=1,L

IF{FIG)Y551,552,552
- 552 1FI{N=-32)553,5544556

553 GU TBI(557455895589557 17
557 VY{1l,J)=AvVYll

LY 1Y 550
558 VY({Il,J)=-AVYll

G0 T 550 ) :
554 GB TO(560,561+4561,560),1

560 GO TOT(557,562356%7 55815589 50643562955 11+J
562 VY(l,4J)=AVYl2

Go T¥ 557
564 VY(1,J)=—-AVY1l2

GBW TP 550 T
561 G@ T@(567,568,570,571,571,570+568,567),J

56T VY{I,J)=AVYZL]
G@ T@ 559

568 VY(I,J1=AVYZZ
G2 T@ 550

570 VYl ,Ji=~AVYZ2Z
G4 T@ 550

571 VYUI,Ji=-AVY¥Zl
G@ Tg 550

556 GO TOUSTa 57557 TsyS5TT9575,574),1
574 GO T@(557, 56Zy580v58195649558:558-564s581'58J1562 557)9
580 VYT{I,JISAVYLS
Gg T8 550

581 VY{T,JI==AVYI3
Gp T8 550

;575 GO TBUS6T7,:568,587: 588, 570757 75711 570,588,7,5879568+50177,+J
587 VY(Il,J)=AVY23

T Gd T® 559 T
588 VY(I,J)=-AVY23

- GB T 550
577 GB T8(593,594459695971599,600,600,599,597¢5969594y593)},J

593 VYI{T,J1=AVY3l
G# T@ 559

594 VYT, JT=AVY3Z "
G@ T8 550

596 VY(I,JI=AVY33
G2 T8 55)

597 VYU1,:J)==-AVY33
G@ T8 550

599 VY1 ,J)=-AVY3<Z
GB T8 55D

500 VY (T, JT=-AVY3l
GB TP 550

551 TFIN-32760%,605,5606
604 GP TP(557,558,5589558,557+557),J

TB805 GB TAT&YT,610:,610,6090,,1
' 609 6B Tﬂ(557'5629564v558p558,558 564,562, 557 557)'

606 GY Tﬂ(623762196231623|6219620)v
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b;ﬁ*bz'Tﬂszﬁ!;352;:50,561pbi;,::o,:96.5:8}371,581,3&0,bbz.:bl,bbll}J
621 G2 Tﬂ(567)568’5,87v588157015711571i5710570158815371568,567p567)QJ
”“523“GE”T2T593?59?759675977599?BODTEUUTGUU75997597TS96759‘759375931}J‘
550 C@NTINUE
TTTTTTTUOPTe40 I=l ety
DB 640 J=1,L
IFIFIGI5%15642,5642
642 IF(N-32)643,644,645
643 G TOt646,646,64 7,647 ,J
646 VZ(I,J)=AvVZ11
TG T 640 —
647 VI(l,J)=-AVZ1ll
T GETTY 5%
644 GO TO(648,649,649,648),1
648 GO To1646,651,6517646,647,654,654, 6471, 0 — —
651 VZ{I,J)=AVZ12 ‘
T GeTY 640
654 VZI{(]l4J)=-AVZ12
] GUTTO 540 ]
649 GO TB(656,657,657,656,6604661,661,660),J
656 VItIyJr=AvVZZT :
GO T2 64D
TTOST VINT,IVT=AVZ22
G8 T2 640
60 VZITI,JI==AVZZT
G@ TP 640
T80 VT, II==AVZI22
GO T 649
T 645 GO TO(663,66%,666,6667664%,663)51
663 G¢ Tﬂ(646,651'669,669.651.646.647,654.673,673.654.647),J
— 669 VITI;IT=AVIIS
GO T9 640
TTHTI VI V== AvVIT Y
G8 T4 64y ,
*ﬁmﬁrTﬁrTwT6567657767676767657765676607661768076807661765€Tﬁr‘*“_‘“_"
676 VZ(I,J)=AVZ223 .
GO TU 647
680 VI(I,J)=-AVZ23
T GBTO 640 : ) ) B
666 GY Tﬂ(682,683,685.685,683,682,688,689,691.691,689,688).J
T8 VZIUTyJI=AVZIZLT
G3 To 643
T 883 VZITI;JT=AVI32
GO T2 64D
T 885 VIt JIV=AVZI3
GZ T2 64y
T 688 VItT,JV=S-AVL31
GO Tg 640
089 VI3 3 1==AVT3Z
GO 19 64D
89T VII,JV==-AVZ33
G@ T@ 643
T AT TFIN=3215693769%4,695
693 G@ T2(64616469696,64T,647,696),J
590 VLTI, J1=0.0
GB T9 640
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—59% GO T0(698,699,0699,69810,41
698 GO Tﬂ(b461651p651’646,696v6471654|6549647'696)9J
’”69?”6?"TUT6567557,65?,656.696,660p661,661{660,696).J T
695 GO TO(T09,710,7125s712,710,709),1
‘“TgQWGgMTﬁ(546;65I;55Q766§]63173167393}64i,654,673,673{65@76477696];JW"
710 G@ Tﬂ(656)6577676'6769657065696961660166196809680'66176609696,OJ
12 LU '9(68116559655'6850653t68£'596'558165916911691g689.685;696’OJ
640 CUNTINUE ‘
DB 15 1=1,LL T
D@ 1% J=1.,L .
T IFAFIGILIG IT . 1T : : o N
17 voLtl,Jd)=vaLl '
G 10 1O
16 [F(N=32)22:23,24
—272 GB TBt17,17,110,17,17,110)+J T i Tt T T T
110 voaLl{l,Jd)=vaLlL : :
S GF T8 15 I . e S
23 60 Tol(lll,112+112,111),1 .
IIT GO TBUIT I T2 L2 L1017 LT 17,17, 11U%,J
112 6@ TO(17417,17,17,113,17,17,17,175113),J
113 VeLlI,y=veLzZL
Gg T2 15
T2& GO TP(207,2087209,209,238,4U017),1
207 GO TO(1T,17,17417417, 17,110,171 7917,17417,17,110)4J
ZU8 LU lW(l(yl/yl(yl(91’1I’,llﬁ,l(ollgllyllillvl('1137,J
209 G¢ TU(1T,1T917917917917+210,17417917917,17+175210),J
210 VLTI, JY=VoL3L ] B
15 C@NTINUE .
D@ 740 T=1,LL T -
DB 740 J=1,L
IFTFIGTIIaL T4,y (4c
741 IF(N-32)T743,744,745
143 IFTTI=2V7T46,747, 747
T46 VX{I4d)=AVX1
TG Te 748 T
747 VX{1,Jd)==-AVX1l
vl TP 748
744 1F(1-2)746,T749,750
150 IFUI-41751,,7T%7,y 14T
749 VX{1,J)=AVX2
G T8 748
751 VX{I+J)=—AVX2
G 1P 7406
745 IF(1-2)746,749,752
152 TFUI-4)753,75%, 755
755 IF({I=6)751,747,747
753 VX({I,JI=AVX3
GY TP 748
—154% VXUI,JI=-AVKS>
Gg TP 748
742 TFIN=32)7564,757,758 T -
756 IF(1-2)T746,747,747
“I57T TFUI=2)T746,749,759
759 IFU1-4)751,747,747
758 ITFUI-21746,789, 760
760 IF(I-4)753,754,761
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TOL IFUI=0T1D1yIB My 14T
748 VUI,J)=VX{T 3 +VYT19d)4VZLT,J)
TTT40 CENTINUE T T T e
DB 762 I=1,LL
DB T62 YEIL,U T

IF(FIGIT63,764,764

7163 TFIN=327T7T65,1656,4 767
764 IF(N-32)765,7664,767

U685 IFI=3TT68,769,769 o T
766 IF(J-5)768,769,769

TIST IR CISTITE8,, 769,769 T

768 GA(I,J)=ABS(PI/2.+A1(1,J))

GO T T7D ;
769 GA(I,J)=ABS(PI/2.~Ar{1,J))
TTTTO IR (TERRY T T 162, 1T —
771 WRITE(6,772)
TTTTTZ FORMATU/ 78Xy ISHERREBR "IN “ARKCUS )™
762 CONTINUE
RETURN
END




SUBROUTINE DK20J(ANyLLsL,TH) -
T COMMEN AT(6, 14, AUT6, 14) hALTE, 18 ), ARTB,14 T ,AF(6,13),ABU6,14) ATBT6
Crl4) s ALP{6914) 4AL(6914)4BL(6514),DT(6,14),DU(6414),0B(6,14),DF(6,1
__ptzT;URTBTlaT;DLIB?T‘T?GATE?I‘T;PH(6,14)'V(6p14)1VX(6,141,VY(6;I‘T777A
CZ(6,14),A0DL(6,14),ABDR(6,14),ABDF(6,14),ABDB(6,14),A08DT(6,14)+A0D
CUTO,1&T,VEUTOs12) o NETL14) s Ny FIG,A,B,HyK
PI=3.14159
120 PHi=4.,U#*P] /AN
ATM=R#PH1=H
ATE=({Z2.#P]#Re %] /AN
AUM=ATM
AUE=ATE
ATBM=2 ,#R#H#SIN{PH1/2.0)
ATBE=ATE
VOLE=(2.#PI#Run2%A)/ ( AN®B)
TTTTVRELMETI 2. ¥PIFH) /7 TAN®B YR (R 2= (R-A)##2) —
ALM=R=PH1=A/B
ALlE=uv.U
ARM=ALM
ARE=R*PH1 *A/B
. AFM=H=A/B
"TAFE=R#A/B
ABM=AFM
ABE=AFE
DLM=H/2-+RI3.
DLE=({<Z./73, }#K
DRM=DLM
TTTTTTOREEDLM ST T B T
OFM=R#PH1
DFE={8. #¥PI#R)71 3. #AN])
DBM=DFM
T DBESDOFE T
DTM=A/B
- T DTEEDTM T ¢
DUM=DTM
DUE=UTH
AlM=0.0
AlE=FP1/72.0C
TTTTTBIEEDLO
VXM=C@S(B1M)
VXE=U.U
VYM=SIN(B1M)
VYE=U.0
VIM=0.0
VIiE=1D
DZ 121 I=1,LL
DU 121 J=1I,C
IF(I-N/8)122,122,123 .
122 VXUT,JI=VXHM - T
GB 19 124 :
T23 VXTI, J)1==-VX¥™ o —
124 1F(J-1)125,4125,126
126 IFUJ=471d7(+s127+125
‘125 VY (14J)=VYM
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LY Y 11
127 VY(I,J)=-VVM
~T121 CONTINUE ~— —
D@ 128 I=i,LL
DB i28 J=l, L
IF(J-2)129,129,130
13V TrUJ=371131,131,13<
132 IF(J-6)133,131,131
129 VItT,IV=VIE
68 Te 128
B 57 S 74 B 7 10 74 B
Go Tp 128

—I33 VItII==vIE
128 CONTINUE

DP 137 I=1,LL
08 137 J=1,L

IF1J=37113%,13571386
136 IF(J-6)134,4135,135

TI3% PATTJI=PAL
AT(I,J)=ATE

AUTT, JJ=AUE
ATBlI,J)=ATBE

T TALTT R JY=ALE
AR(I,J)=ARE

AFTT, JT=AFE
AB(I,J)=ABE

TDLAT,JT=0LE
DR(1,J)=DRE

T T DFUTL,JY=DFE
DB(I,J)=DBE

OTtT,,JT=0TE
DU(I,J)=DUE

T ALPUT, I =ALE
B1(I,J)=BlE

T VKT I EVRE T
VY(1,J)=VYE

VOTTIT, JT=VELE
G@ T@ 870

I35 PHUTyJV=PHI
AT{1,J)=ATM

T AUTT, J)=AUM
ATB(1,J)=ATBM

ACTT Jr=ACH
AR{IyJ)=ARM

AFTT  JV=AFM
AB(I,J)=ABM

OC{T,JY=0LM
DR(I,J)=DRM

UFUT, JI=0FM-
DB(1,J)=DBM

OTU{T,JT=DTH
DU(1,0)=DUM

ALP(T,J)=A1M
Bl(I,J)=B1M

VoL, JJ=Vorm
870 VII,4J)=sVX{IoJ)+VY(I,Jd)+VZ(I,J)
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137 CBNTINUE
Dy 14 I=1,LL
T DR I& J=l,L o
14 AL(I,J)=2.D
T DPTI38 T=1,LL
D@ 138 J=1,L °
TFUJ=-37139,130,1%1
141 IF(J=-5)142,142,143
La3 TF1J=-6114271%0,140
139 GA(I,J)=PI
G T 138 1 T
140 GA(I,J)=Pl/2.3
“GP TW 138
142 GA(I,J)=0.9
TI38 CT@NTINUE
RETURN
- ®~o -~ = -
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